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 要  旨 
The improvement on photocatalytic activities of TiO2 has become recent topic 
because of their interesting applications to solve various environmental problems, such 
as anti-bacteria, water purification, self-cleaning material, etc. Photocatalytic reaction of
TiO2 occurs under UV light irradiation, and thereby generates an electron-hole pair. This 
pair reacts with hydroxyl (OH-) and oxygen (O2-) ions to produce highly reactive 
radicals, which play roles as oxidative and reductive materials. In order to improve 
photocatalytic properties on TiO2, researchers have focused on the modifications of TiO2
such as doping with the 3d transition metal ion, surface treatment, etc. Another transition 
metal series, rare-earth ions have incomplete 4f orbitals. Interaction of these electrons
with various functional molecules can form complexes for increasing film adsorption. 
Doping rare-earth ion into TiO2 is expected to enhance the adsorption of organic 
pollutant on its surface to increase the photocatalytic activities. 
The main objective of this research is to study the photocatalytic effects of rare-earth 
ions (Er, Eu, Sm, Yb) doped into TiO2 nano-particle films. The TiO2 films were 
synthesized by the sol-gel process. This method is very effective because it can produce 
highly pure nano-sized TiO2 without using extremely high temperature process.  
All of the synthesized samples were examined by XRD, in which they were clarified as 
being in anatase phase. The RE doping effects appeared in decreasing the crystalline 
sizes by 15% as well as in increasing their porosities by 5%, as compared with the pure 
one. The surface morphology studies by AFM unveiled that RE doped films had formed 
more homogenous and smaller particles than the pure film. In addition, the RE doped 
films showed higher photocatalytic activities than the pure one, in which the 
photocatalytic activities depended strongly on the sintering temperature and doping 
concentration. The best improvement of photocatalytic activity with 81% PA was 
obtained for 0.1% Sm doped film sintered at 600oC. It was found that excess of rare-earth 
doping concentration had showed rather the degradations of photocatalytic activities. For 
this fact, a model was proposed that the formation of rare-earth oxides had covered partly 
on TiO2 surface and had obstructed carrier transports. 
 
